Basing upon our data, the author should like to show the influence of intestinal microflora on wound healing and carcinogenesis. Possible beneficial effects of probiotics in clinical practice are also breifly introduced.
WOUND HEALING AND INTESTINAL MICROFLORA
Believing that microflora exert deleterious effects on wound healing process, we surgeons have tried to keep the surgical field aseptic to achieve uneventful recovery after surgical interventions. It is true that contamination of wound by noxious bacteria results in impaired wound healing. Since massive combined administration of strong antibiotics can protect patients from lethal effects of extensive radiotherapy or antineoplastic drugs, elimination of all microflora in the body has been thought as if it were the best way to offer good health to the patient. Recent studies have demonstrated that contamination of wound by bacteria per se does not necessarily result in the disturbance of healing.
The author would like to show the effects of normal resident intestinal microflora on the healing of aseptic wounds.
Materials and Methods
IQI/jic germ-free mice, purchased from CLEA/Japan, were used. In addition to those kept in the germfree state throughout the experiments, GF, their counterpart of the conventionalized group, CVZ, were produced by force-feeding them with 10 mg of fresh feces from healthy SPF mice, ICR CLEA/Japan, in 0. eluding CVZ were kept in separate vinyl isolators , specific for each group, placed in the same room , and fed with sterile chow of the same batch (CL2 50KGY Radiation Sterile Diet, CLEA, Japan) and re-sterilized water ad libitum in order to keep environmental conditions exactly identical. Body weight checks were repeated periodically to compare the effects of flora on growth.
Conventionalization and inoculation of specific bacteria to produce gnotobiota were done at the age of 4 weeks, and after the mice were checked 2 weeks later to verify they were in the expected conditions , they were operated upon as will be mentioned later at the age of 7 weeks. GF mice were operated upon at the age of 7 weeks as well.
A longitudinal skin incision was made under intraperitoneal injection of 50 mg/kg body weight of sodium pentobarbital. A slender perforated silicon tube containing polyvinyl alcohol sponge was implanted into the subcutaneous tissue lateral to the incision. The incisional wound was closed with interrupted stiches using 5-0 nylon monofilament thread. Mice were sacrificed by ethyl ether, skin flaps were used to measure the break strength, and the contents of the polyvinyl alcohol sponge were used to measure hy- Fig. 1 The rates of body-weight increase during the experiment .
The values expressed are percentages of body-weight increase . GF, germ-free group; Cvz, conventionalized group; L , Lactobacillus group; E, E. coli group; B, Bacteroides group; C , Clostridium group; BB, Bifidobacterium group . N.S.: no significant difference.
droxyproline concentration. Cecal content was analyzed to measure the amount of short-chain fatty acids (SCFAs) and lactic acid.
Results
There were no significant differences in the increase of body weight among all experimental groups (Fig . 1 ) .
The break strength of the surgical wound deteriorated in GF compared to CVZ. Twice repeated experiments showed the same results. Lac and Bif groups showed the same break strength compatible with CVZ, on the other hand, Ecl, Bac, and Clp were at the same levels as GF (Fig. 2) . The hydroxyproline level of each GF, germ-free; CV, conventionalized. Knowing about the impaired healing of infected wound by bacterial contamination, we have been very much keen on keeping the patient as aseptic as possible to get satisfactory wound healing. Actually these procedures have been adopted to protect patients from heavy exposure to very strong anticancer drugs or irradiation (4, 5, 29). So far as the local change at the wounded site is concerned, contamination of the wound by microorganisms per se does not necessarily result in the retardation of the healing process. Incisional wounds to the tongue heal equally between conventional and germ-free animals (25). The same finding is observed at the anastomotic site of the colon (22). Furthermore, there is a report that contamination of the wound with Staphylococcus aureus enhances the healing process (15).
Summary
The existence of intestinal microflora is thus intimately implicated with the wound healing process by modulating the immunological and nutritional conditions of hosts. Some intestinal bacteria exert beneficial effects on wound healing by enhancing these reactions. So far as we studied, there were no bacteria which play an actively inhibitory role in this field.
CARCINOGENESIS AND INTESTINAL MICROFLORA
Citing our results, the author would like to discuss the influence of intestinal microflora on carcinogenesis in a couple of organs.
a) Cancer of the Large Intestine
The mucous membrane of the large intestine being in close contact with a tremendous amount of intestial bacteria, cancer of the large intestine has been assumed to develop due to various actions of intestinal microflora. Carcinogenic substances produced by intestinal microflora have been investigated . Starting from the classic study of Druckrey stating the possible production of E. coli, isolated from a patient with colon cancer, of sarcomogenic substance to the mouse subcutaneous tissue (6), nucleotoxic substances such as streptoindol (23), cholesterol metabolite (27) , fecapentaenes (2), etc., have been isolated as candidates for colorectal carcinogens, although their carcinogenic action on the human large intestine has not definitively been confirmed yet.
Intestinal microflora are implicated in producing promoters of colorectal carcinogenesis , the main interest having been focussed on the metabolism of bile acids . Recent progress in this field is the demonstration of bacterial production of diacyl glycerols , which are stimulants of protein kinase C to promote cell growth (18, 19) .
Some intestinal microflora are involved in inhibiting colorectal carcinogenesis by binding carcinogens , such as heterocyclic amines, to sweep them out from the intestinal lumen or inhibiting the action of alkylating agents to form DNA adducts .
Some intestinal bacteria, such as lactobacilli , can modify the process of colorectal carcinogenesis , probably by enhancing the immunosurveillance in the gastrointestinal system (11, 12).
b) Carcinoma of the Mammary Gland
Intestinal microflora are involved in the metabolism of phytoestrogens, and may influence the incidence of mammary carcinoma. Our experimental studies have shown that intestinal microflora can suppress the incidence of mammary carcinoma of GR mice via the metabolism of flavonoids of soy beans (17) . Intestinal microflora are also capable of producing estrogenic substances or nucleotoxic cholesterol metabolites which may be related to mammary carcinogenesis .
c) Carcinoma of the Stomach
Decrease in gastric acid secretion results in an increased number of bacteria in gastric juice in parallel with an increase in the amount of mutagenes (20) . Gnotobiotic mice with Helicobacter pylori per se could not induce gastric cancer so far as our studies are concerned . The bacteria may be involved in gastric carcinogenesis by reducing gastric acid secretion after inducing gastritis.
d) Other Cancers
Bacterial metabolites of tryptophane are nucleotoxic and involved in the carcinogenesis of the urinary tract (3). Bacteria are also important for hydrolyzing detoxified carcinogens to liberate active substances; this mechanism is related to carinogenesis in the urinary tract or biliary tract (8, 9).
CHOLESTEROL METABOLISM AND INTESTINAL MICROFLORA
Intestinal microflora can reduce serum cholesterol levels by following mechanisms: taking up luminar cholesterol to compose their cellular constituents , precipitating cholesterol together with calcium ion and organic acids which they produced or with free bile acids which they liberated. Intestinal microflora also inhibit hepatic 3-hydroxy-3-methyl-glutaryl-CoA reductase (7) .
ANTIHYPERTENSIVE SUBSTANCES PRODUCED BY INTESTINAL MICROFLORA
Some lactobacilli can produce angiotensin I-converting enzyme antagonists. These are tripeptides and can reduce elevated blood pressure (21, 30).
Intestinal microflora are also involved in corticosteron metabolism by hydrolyzing its glucuronide (10).
SLEEP AND INTESTINAL MICROFLORA
Muramyl peptides produced by intestinal microflora are immunopotentiators, pyrogens and hypnotica , causing deep slow wave sleep. Muramyl peptides stimulate macrophages to release IL-1, which is the causal element of the phenomena (14).
Thus intestinal microflora are involved in regulating miscellaneous functions in the host. Much more thorough studies in these fields are cordially invited to benefit human lives.
